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Description 

This invention relates to optical wavelength conversion devices, and to processes for manufacturing such 
SUwIdi 2 and a secondary hannonio (SH)wa^ . J^^^^SSLi'Sl. » a gukM 

wavegu.de having a structure which can gu.de a ^. n< 2£^J2^ < S^^ serial. 

guide which has a narrow strip-like ridge formed on asubstn* ^^^^ „ with a refractive 
The ridge type waveguide has a laminated structure * ^ £^2^ it is confined 

=:rs^r^^^^ 

the horizontal face of the substrate. ^ , hw a Q( j e etjve arowth or etching process. For 

Add,, .,pe w^egoid. as shown *^<>^^^£Z£gZ "xxZl* NX*** 

,„ «*. as shown in ^ S. taMd <J £ '^^^^^^L sS G d«n». 
cent shape, which would lower the eff iciency of utilizahon. _ 

tl. ddge angle a as dose to 90- a. poatol. and to Wangle win reed, in tower 

^^rroT.^^^ 
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of the mask metal is approximately as small as 2 to 3, which is not necessarily sufficient in terms of the econ- 
omy, reliability and productivity of the process. 

According to one aspect of the present invention there is provided an optical wavelength conversion device 
comprising; an optical waveguide formed on a substrate of a non-linear optical material so as to generate a 
5 secondary harmonic wave by Cerenkov radiation, the waveguide comprising a first waveguide passage for 
confining a fundamental wave and converting it into a secondary harmonic wave, and a second waveguide 
passage for confining said secondary harmonic wave and propagating it towards an end face for emission 
therefrom, 

characterised in that 

10 said waveguide is formed in a ridge shape on said substrate, and said first waveguide passage is formed so 
as to be in contact with said second waveguide passage along at least one of the lateral sides of the ridge; 
and in that n 2 > n 3 > n„ where n 1( n 2 and n 3 are, respectively, the refractive indices of said substrate, said first 
waveguide passage and said second waveguide passage; and in that said first and second waveguide pas- 
sages are formed so as to satisfy: 

, 5 W r f<a<W r s, 

WVfor W r s<b, 

and 

W,s<c 

where a is the width of said first waveguide passage in a direction which is parallel to said substrate, b is the 
20 depth of said first waveguide passage in a direction which is perpendicular to the face of said substrate, c is 
the depth of said second waveguide passage in a direction which is perpendicular to the face of said substrate , 
W,f is the fundamental wave cut-off thickness below which propagation of the fundamental wave is prevented, 
and WrS is the secondary harmonic wave cut-off thickness below which propagation of the secondary harmonic 
wave is prevented. 

25 According to another aspect of the present invention there is provided a process for manufacturing such 

an optical wavelength conversion device, comprising the steps of: 

forming, on a substrate of a non-linear optical material which has a refractive index n 1( an optical waveguide 
layer which is to be used as a second waveguide passage and which has a refractive index n 3 (n 3 > nO by 
diffusion of titanium; 
30 forming a metal layer on said substrate; 

selectively forming a photoresist layer on said metal layer, 

selectively removing said metal layer where it is not masked with said photoresist layer using electron cyclotron 
resonance etching with argon gas; 
removing said photoresist layer; 
35 etching out a ridge on said substrate using said metal layer as a mask by electron cyclotron resonance etching 

using a fluorocarbon gas; 

forming, on a lateral side of said optical waveguide layer, a proton exchange layer which is to be used as a 
first waveguide passage and which has a refractive index n 2 (n 2 > n 3 > n^, by a heat treatment in an aqueous 
solution capable of proton exchange with optical waveguide portions which are exposed by removal of said 
40 metal layer; and 

removing the remaining portions of said metal layer. 

According to a further aspect of the present invention there is provided a process for manufacturing such 
an optical wavelength conversion device, comprising the steps of: 

forming, on a substrate of a non-linear optical material which has a refractive index n 1f an optical waveguide 
45 layer which is to be used as a second waveguide passage and which has a refractive index n 3 (n 3 > n^ by 
diffusion of titanium; 
forming a metal layer on said substrate; 
selectively forming a photoresist layer on said metal layer, 

selectively removing a part of said metal layer and said optical waveguide layer, using said photoresist layer 
so as a mask; 

forming on a lateral side of said optical waveguide layer, a proton exchange layer which is to be used as a 
first waveguide passage and which has a refractive index n 2 (n 2 > n 3 > n,). by a heat treatment in an aqueous 
solution capable of proton exchange with optical waveguide portions which are exposed by removal of said 
metal layer 

55 etching said proton exchange layer into a thin layer by reactive ion etching using selectively unremoved portions 
of said metal layer as a mask; and 
removing the remaining portions of said metal layer. 

The invention will now be described by way of example with reference to the accompanying drawings, 
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throughout which like parts are referred to by like references, and in which: > 

Figure 1 is a perspective view of an embodiment of optical wavelength conversion device according to the 
present invention; 

Figures 2 and 3 are diagrams for explaining the embodiment; 
5 Figure 4 is a diagram illustrating a process for manufacturing the device; and 

Figures 5 and 6 are perspective views of previously proposed optical wavelength conversion devices. 
Observations which have led to the present invention will first be explained. 

The beam shape of the secondary harmonic wave which is emitted from an optical wavelength conversion 
device varies depending upon the condition of propagation of the Cerenkov radiation within the device and 
10 the condition of propagation can be varied by changing the shape of the waveguide It follows tha the beam 
of the secondary harmonic wave emitted from the device could be reformed into a circular or elliptical shape 
by employing a waveguide of a suitable shape. i^»..i«k 
A question arises as to what shape is suitable for the waveguide for this purpose. First, considering a slab 
type waveguide which has, for simplicity of explanation, a film-like optical waveguide 2 formed on the surface 
,s of a substrate 1 as shown in Figure 2. the propagation of light through the optical waveguide becomes difficult 
if the thickness w of the waveguide 2 becomes smaller than a certain value which is determined depend!^ 
upon the material of the substrate 1, the manufacturing process of the optical waveguide 2 and the optical 
wavelength. Namely, the propagation of light through the optical waveguide is possible when the thickness w 
of the waveguide 2 is greater than a certain thickness. 
20 For example, Figure 3 diagrammatically shows an optical waveguide 2 which is formed on a substrate 1 

of a non-linear optical material such as single crystal UNb0 3 . The optical waveguide 2 ^ a ^ s^pe 
with a thickness a in the direction parallel to the surface of the substrate 1 , and a thickness b in the depthwise 
direction of the substrate 1. In this instance, by forming the optical waveguide 2 in a sectional shape where 
the thicknesses a and b are greater than thicknesses which prevent the propagation of the fundamental wave, 
namely, greater than a cut-off thickness W,f of the fundamental wave, the thickness a is smaller than the sec- 
ondary harmonic wave cut-off thickness Vv>, and the thickness b is larger than the ^° nd ^ h h ^" Ut ; 
off thickness W* the secondary harmonic wave can be propagated parallel to the surface of the substrate 1 
without propagation in the depthwise direction of the substrate 1 . _ . 

Figure 1 shows an embodiment of the invention, which has an optical waveguide 2 formed on a substrate 
1 of single crystal LiNb0 3 , in a shape which satisf ies the conditions which will be discussed. 

More specif ically, the substrate 1 has a ridge type optical waveguide 2 formed in a ridge portion ^ The 
optical waveguide 2 is composed of first waveguide passages 2a and 2c which are formed symmetrically in 
the opposite side portions of the ridge l„ and a second waveguide passage 2b which is formed between the 
first waveguide passages 2a and 2c. the first waveguide passages 2a and 2c and the second waveguide pas- 
36 sage 2b each have a required refractive index The f irst waveguide passages are dimensioned so that 
' W/ < a < W,s 

W,forW I s<b 

where a is the width of the first waveguide passages 2a and 2c in a direction parallel to the surface of the ndge 
portion I,, namely, in the direction of x; b is the thickness (or height) of the first wavegu.de passages 2a and 
40 2c in a direction parallel to lateral side surfaces of the ridge portion I,, or in the direction of y. W is the fun- 
damental wave cut-off thickness, and W,s is the secondary harmonic wave cut-off thickness of the waveguide. 
The fundamental wave is confined in both the x and y directions, while the secondary harmonic wave is con- 
fined in the y direction but is radiated in the x direction. 

The second waveguide member 2b is formed in a ridge structure which is greater than the secondary har- 
45 monic wave cut-off thickness W,s in thickness, or of thickness c in the y direction, satisfying: 

W,s<c 

and which confines the secondary harmonic wave in both the y and x directions. 

Upon irradiating a laser beam on one end face of the optical wavelength conversion device of the em- 
bodiment with the above-described construction, the laser light is condensed towards both or one of the end 
faces of the f irst waveguide 2a and 2c and the second waveguide 2b. and is confined in both or one of the 
first waveguide 2a and 2c and the second waveguide 2b. . . 

Due to the energy density of the laser light itself and the non-linear optical effect of the waveguide and 
substrate 1, the confined laser light is efficiently converted into a wave which is one half the wavelength of 
the fundamental wave, namely, into a secondary harmonic wave (SH light), is confined in the waveguide in- 
cluding the f irst and second waveguide passages 2a to 2c. is propagated in the z-directon in the guided I mode 
or by repeated reflections between the first and second waveguide passages 2a and 2c. and is emitted from 
the opposite end face of the secondary wave in the form of a beam of a circular or elliptic shape 

If desired, either one of the first waveguide passages 2a and 2c of the above-described embodiment may 
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be omitted. Even in such a case, the secondary harmonic wave can be generated in a similar ™nr»er 

An example of the process for manufacturing this optical wavelength convers.cn dev.ce will be descnbed 

^FTXlTd^nCr In formed on the front surface of the LiNbO, substrate 1 by diffusion of 

T> Slayer 3 (of Ni. Cu. Ta, Ti or the like) is then formed on the front surface of the substrate 

1 by vapour deposition as shown in (Figure 4B). and a resist 4 is coated thereon in a predetermined pattern 

33 ^nen, as^hown'n Figure 4D. the front side of the substrate 1 is subjected to ECR-RIE (electron cyclotron 
resonance-reactive ion etching, that is, reactive ion etching which utilizes the phenomenon of electron cyclo- 
tron resonance) using CF 4 , C 2 F 6 , C 3 F 8 , CHF or a like f luorocarbon as an etching gas. As a result of this etehing. 
the mask layer 3, except those portions which underlie the resist 4, and the surface port.ons of the titanium 
diffusion layer h are removed. The mask layer portion 3 which lies under the resist 4 remains to serve as a 

"^Alternatively, a ridge can be formed by a two-stage etching process, namely, a process consisting of a 
stage of etching a metal layer by the use of argon and a stage of etching the substrate surface with the resting 
masking metal layer by the use of a f luorocarbon gas. Accordingly, the masking metal layer should have prop- 
erties which permit easy etching by argon gas but have suff icient resistance to the fluorocarbon gas to be used 
bnSe other hand, the substrate should have properties which ensure sufficient resistance to argon gas but 
permit easy etching by the fluorocarbon gas used. 

Table 1 below shows the etch rates of various substances by argon gas in comparison with etch , rates by 
CF 4 gas, taken as an example of fluorocarbon gases. The substances shown here indude UNO, which ,s wide- 
W used as a non-linear optical material for the substrate, and Ta. Ti. Ag. Al, Ni and Cu which are used as a 
masking metel As a reference, etch rates of known photoresists. TSMR8900 and A24210 (products of Tokyo 
Ohka Kogyo), are also shown in the table. 



Table 1 



30 



Substance Etched 



Etch Rate ( 10~ 10 m/mi.n) 



Argon 



CF, 



35 



40 



45 



LiNi0 3 

Ta 

Ti 

Ag 

Al 

Ni 

Cu 

TSMR8900 
AZ42210 



30 
45 
15 
360 
15 
80 
220 
105 
220 



110 
>110 
>110 
>110 
52 
10 
15 
300 
UOO 



50 



55 



Each of the etching stages using either argon or a fluorocarbon gas is earned out by means of an electron 
cyclotren resonance ty^e etohing (ECR etching) apparatus, which utilizes the phenomenon that, when the cy- 
SSren ^nSS frequency of electrons in circular motion in a magnetic field come .nto synchronism wrth the 
Sar^reauenc^ f electric f ield or microwaves introduced through a wave tube, the electrons are accel- 
e^by'esona^ absorbtg the microwave energy, efficiently producing plasma through 
neural modules and ionization. With an ECR etching apparatus, an ion beam of ^^^^ 
tained a!a gas pressure as low as 1 .3 x 1 Pa. so that it is possible to carry out the etchmg m a steble manner 
MMmSva oases and coupled with advantages such as high accuracy of etching shape and the .mprob- 
Z Z ZTZ^t^^t^osmon of reactton products. The ECR etching can be earned out under 
genSX^Srconditions. for example, with a gas flow rate of 2 SCCM. a gas pressure of 1.3 x 10- to 
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1 <t v 1 0-1 Pa a microwave power of 200 W, and an acceleration voltage of 400 V. v 

l!£ by selSgtnd combining suitable kinds of photoresist, metals and etching gases a ndge having 

a ridle angle a %£L 90- can be formed on the substrate by the ECR etching with excellent ***** and 

through the utilization of the properties of the respective matenals. .... of . SHG dey|ce wnicn 

■me feasibility of the above-described ridge-forming process leads to realrzahon of a SHG dev.ce wn.cn 

ha , Z!L , a L ra , sid e of the ridge, a region with a refractive index which is higher than that of the ndge 

w^chc^ 

a^nlta ZZm£ MP pSion, a second waveguide is formed for propagating the secondary harmony 
w^ve radTatedTl L region of higher refractive index. When such an SHG device >^ ««" J*J 
proximately 90°. it can efficiently confine into the ridge the secondary harmon.c wave wh.ch » radtated from 
the above-mentioned region at a predetermined Cerenkov angle. 

surfed portions of the titanium diffusion .ayer l T , as well as in the opposite s,de 1^ £ 
fusion layer l T1 under the mask 3a for forming a proton exchange layer 5 (F.gure 4E). In Mrs treatment, the 

reSiS Th 4 en ThTwSpiece is subjected to etching again in an ECR-RIE apparatus. Thfe time, the proton ex- 
chan^eTaVel sTs e^ed only at its surface portions which are exposed by the mask 3a, and as a result a thin 
Droton exchange layer 5 remains on the exposed surface portions. if 
* Sage of etching, the exposed portions of the proton exchange layer 5 may be totally removed if 

^ T^en the mask 3a is removed as shown in Figure 4G. After the removal of the mask 3a. there Is obWned 
an optica, wavefength conversion device as shown in Figure 1. with first waveguide passages 2aand2ccon- 
stitutTby the exposed portions of the proton exchange layer 5 and a second waveguide passage 2b consti- 
tuted bv the titanium diffusion layer l n between the first waveguide passages 2a and zc 

VvS, M foment, the fundamental wave is efficiently converted into the sec^ndary^rmon^ve^ 
which slhen emZ in theform of a beam having a circular orelliptical shape ^ ,0 ^« 
shape can be applied widely and efficiently as a light source in high density opt.ca. record.ng. as a hght source 

^mo^^ 

approximately 90° which has smooth side surfaces. Accordingly, it b^^P^?*^^^'^^ 
aga ton^ss to an extremely tow level and to enhance the degree of circuit integrate. 
beam of a circular or elliptical shape, which is obtained from the ridge type wave gu.de of the abov^escnbed 
eonstrucrion^t extremely suitable for application to an optical disc system, laser pnnter or the l.ke. Further, 
2!£EZ*m can be commonly used for patterning a metal layer and for sha P .ng a ndge 
onTsubs^te improvements in products also result due to the manufacturing techmgues. 



Claims 



ScondTry harmonic wave by Cerenkov radiation, the waveguide (2) comprising a f .rst wavegu.de pas- 
sagt (2a 2c) rconfining a'fundamenta. wave and converting it into a secondary narmomcway^and 
Tsecond waveguide passage (2b)forconfiningsaid secondary harmonic wave and propagahngrt towards 
an end face for emission therefrom, 

safd^^de Sns formed in a ridge shape on said substrate (1). and said f irst waveguide passage 
£ jyiSLd - - to be in conta* with said second waveguide passage (2b) along at leas one of 
he lateral sides of the ridge; and In that n, > n 3 > m. whero *. n 2 and n, are, ^fj^* *° ^™ 
ndices of said substrate (1), said first waveguide passage (2a, 2c) and said second wavegu.de passage 
STand £L said first and second waveguide passages (2a, 2c. 2b) are formed so as to safsfy. 
v W 1 f<a<W,s. 

W r forW r s<b, 



and 

W,s<c 



where a is the width of said f irst waveguide passage (2a, 2c) in a "T^^EK 
strata (1) b is the depth of said first waveguide passage (2a, 2c) in a d.rechon which is perpend.cular to 
Se face o s^id substrate (1). c is the depth of said second waveguide passage (2b) in a drect.cn wh,ch 
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- is perpendicular to the face of said substrate (1 ), W,f is the fundamental wave cut-off thickness below 
which propagation of the fundamental wave is prevented, and W,s is the secondary harmonic wave cut- 
off thickness below which propagation of the secondary harmonic wave is prevented. 

5 2. A process for manufacturing an optical wavelength conversion device according to claim 1 . comprising 
the steps of: 

forming on a substrate (1) of a non-linear optical material which has a refractive index n1, an optical wa- 
veguide layer (1-p) which is to be used as a second waveguide passage (2b) and which has a refractive 
index n 3 (n 3 > n,) by diffusion of titanium; 
10 forming a metal layer (3) on said substrate (1); 

selectively forming a photoresist layer (4) on said metal layer (3); selectively removing said metal layer 
(3) where it is not masked with said photoresist layer (4) using electron cyclotron resonance etching with 
argon gas; 

removing said photoresist layer (4); 
1S etching out a ridge on said substrate (1) using said metal layer (3) as a mask (3a) by electron cyclotron 

resonance etching using a f luorocarbon gas; 

forming, on a lateral side of said optical waveguide layer (2), a proton exchange layer (5) which is to be 
used as a first waveguide passage (2a, 2c) and which has a refractive index n 2 (n 2 > n 3 > n,), by a heat 
treatment in an aqueous solution capable of proton exchange with optical waveguide portions which are 
2Q exposed by removal of said metal layer (3); and 

removing the remaining portions of said metal layer (3). 

3. A process for manufacturing an optical wavelength conversion device according to claim 1 , comprising 

the steps of: . 
forming on a substrate (1) of a non-linear optical material which has a refractive index n1, an optical wa- 
veguide layer (1t0 which is to be used as a second waveguide passage (2b) and which has a refractive 
index n 3 (n 3 > ni) by diffusion of titanium; 
forming a metal layer (3) on said substrate (1); 
selectively forming a photoresist layer (4) on said metal layer (3); 

selectively removing a part of said metal layer (3) and said optical waveguide layer (2), using said photo- 
resist layer (4) as a mask; . 
forming, on a lateral side of said optical waveguide layer (2). a proton exchange layer (5) which is to be 
used as a first waveguide passage (2a, 2c) and which has a refractive index n 2 (nj > n 3 > n,), by a heat 
treatment in an aqueous solution capable of proton exchange with optical waveguide portions which are 
exposed by removal of said metal layer (3); 

etching said proton exchange layer (5) into a thin layer by reactive ion etching using selectively unremoved 
portions of said metal layer (3) as a mask (3a); and 
removing the remaining portions of said metal layer (3). 

Patentanspruche 

1 . Vorrichtung zur Umwandlung von optischen Wellenlangen, die folgendes enthilt: 

einen auf einem Substrat(1) aus einem nichtlinearen optischen Material ausgebildeten optischen Wel- 
lenleiter (2) urn eine sekundare harmonische Welle durch Tscherenkow-Strahlung zu erzeugen, wobe. 
der Wellenleiter (2) einen ersten Wellenleiterdurchgang (2a, 2c) zur Begrenzung (Confinement) einer 
Grundwelle und zu deren Umwandlung in eine sekundare harmonische Welle enthilt, und einen zweiten 
Wellenleiterdurchgang (2b) zur Begrenzung besagter sekundarer harmonischer Welle und zu deren Aus- 
breitung in Richtung auf eine Stirnf lache, urn von dort emittiert zu werden, 

50 daBdS be^agte WeTenSter (2) stegfSrmig auf dem besagten Substrat (1) ausgebildet ist und der erste 

Wellenleiterdurchgang (2a, 2c) derart ausgebildet ist, urn in Kontakt mit dem zweiten Wellenleiterdurch- 
gang (2b) entlang zumindest einer der lateralen Seiten des Steges zu sein. und daB n 2 > n, > ni « ^obei 
n, n 2 und n 3 die entsprechenden Brechungsindizes des Stuostrates (1). des ersten Wellenleterfurch- 
ganges (2a, 2c) und des zweiten Wellenleiterdurchgangs (2b) sind und daB der erste und der zweite Wel- 
lenleiterdurchgang (2a, 2c, 2b) derart ausgebildet sind, daB folgende Bedingungen erfullt sind: 

W,f < a < W,s 
W,f oderW,s<b, 
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Und W r s<c 



10 



15 



starke der Grundwelle bedeutet, unterhalb der die ^Dreiiung Ausbreitung dersekun- 

die Grenzstarke der sekundaren harmonischen Welle bedeutet, unterhalb der oie Ausure.ua g 
diren harmonischen Welle verhindert wird. 

VerfahrenzurHerstellunge*^^^^ 

1,dasfolgendeSchritteenthSlt ^ Wel , en ielteidurchgang (2b) verwen- 

Ausblldung einer optischen Wellenleitersch.cht dr.). die titan auf einem Substrat (1 ) 

det wird und die einen Brechungsindex n 3 (n 3 > n,) hat, durch WW™ Ifwelst 
eines nichtlinearen optischen Materiales, das einen Brechungs.ndex von n, aufwe,st. 
Ausbildung einer Metallschicht (3) auf dem Substrat (1); 

deepen Be^ichen unter Einsatz von E.ektronen-Zyklotronresonanz-Atzen m.t Argongas. 
20 Entfernung der Pho ^ a ^^\ u ..^ (1 , unter V erwendung der Metallschicht (3) als Maske (3a) 

(3) f reigelegt werden; und 

Entfernung der verbleibenden Bereiche der Metallschicht (3). 
VerfahrenzurHerstellungein^^ 

1 , das folgende Schritte enthalt: Einsatz a, s eln ^iter Wellenlerterdurchgang 

nichtlinearen optischen Materiales, das einen Brechungs.ndex n, aufweist; 
Ausbildung einer Metallschicht (3) auf dem Substrat ^(1); ■ 

selektive Ausbildung einer Photolacksdjicht (4) auf ^der Wellenleiterschich t 
selekth/e Entfernung eines Teiles der Metallschtcht (3 y ^ d d * °^ ten ° PUS 
(2) unter Verwendung der besagten I ^^^ h ^^^ m ^ n ^ 9 (2a. 2c) einge- 
Ausbildung einer Protonen ^taus*sch.ch (5) d,e ^ einer lateralen Seite der optischen 

setzt wird und die einen Brechungsmdex "^^1 in ^wissrigen Losung, die einen Protonenaus- 

t^to^^so^iS) zu einer DOnnschld, t durch reaves ,onenatzen unter Verwen- 
dung selektiv nicht entfernter Bereiche der Metallschicht (3) als Maske (3a). und 
45 Entfernung der verbleibenden Bereiche der Metallschicht (3). 
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Revendications 



1. 



a produire une onde harmonique de rang 2 par rayonnement . . et pour la convertir en 

55 monique de rang 2 et pour la prcpager en direction d'une face d extremrte pour I emettre . 
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^ 1 de guide d'onde (2a, 2c) est forme de maniere k etre en contact avec ledit second conduit de guide d'onde 
(2b) le long d'au moins Tune des faces laterales de la nervure ; et en ce que n 2 > n 3 > n 1f ou n 1f n 2 et n 3 
sont, respectivement, les indices de refraction dudit substrat (1), dudit premier conduit de guide d'onde 
(2a, 2c) et dudit second conduit de guide d'onde (2b) ; et en ce que lesdits premier et second conduits 
5 de guide d'onde (2a, 2c, 2b) sont formes de maniere a satisfaire : 

W f f<a<W r s, 
W,fou WrS<b f 

et 

WfS < c 

10 ou a est la largeur dudit premier conduit de guide d'onde (2a, 2c) dans une direction qui est paralieie audit 

substrat (1). b est la profondeur dudit premier conduit de guide d'onde (2a, 2c) dans une direction qui est 
perpendiculaire k la face dudit substrat (1), c est la profondeur dudit second conduit de guide d'onde (2b) 
dans une direction qui est perpendiculaire k la face dudit substrat (1), W/ est repaisseur de coupure 
d'onde fondamentale au-dessous de laquelle la propagation de I'onde fondamentale est impossible, et 

15 Vv> est repaisseur de coupure d'onde harmonique de rang 2 au-dessous de laquelle la propagation de 

Tonde harmonique de rang 2 est impossible. 

2. Precede de fabrication d'un disposttif de conversion de longueur d'onde optique selon la revendication 
1, comprenant les stapes : 

de formation, sur un substrat (1 ), fait d'une matiere optique non Iin6aire qui a un indice de refraction 
n 1f par diffusion de titane, d'une couche de guide d'onde optique (1^ qui est destin6e k etre utilisee 
comme un second conduit de guide d'onde (2b) et qui a un indice de refraction n 3 (n 3 > n,) ; 
de formation d'une couche metallique (3) sur ledit substrat (1) ; 

de formation de facon selective d'une couche de photoresist (4) sur ladite couche metallique (3) ; 
^elimination de maniere selective de ladite couche metallique (3) \k ou elle n'est pas masquee par 
ladite couche de photoresist (4) en utilisant une attaque k resonance de cyclotron 6lectronique avec du 
gaz argon ; 

d'elimination de ladite couche de photoresist (4) ; 

de formation, par attaque, d'une nervure sur ledit substrat (1) en utilisant ladite couche metallique 
(3) comme masque (3a) par attaque £ resonance de cyclotron electronique en utilisant un hydrocarbure 
fluore gazeux ; 

de formation, sur un bord lateral de ladite couche de guide d'onde optique (2), d une couche 
d'echange de protons (5) qui est destin6e k etre utilisee comme un premier conduit de guide d'onde (2a, 
2c) et qui a un indice de refraction n 2 (n 2 > n 3 > n n ), par traitement k chaud dans une solution aqueuse 
capable d'echanger des protons avec des parties de guide d'onde optique qui sont mises k nu par elimi- 
nation de ladite couche metallique (3) ; et 

d'elimination des parties restantes de ladite couche metallique (3). 

Proc6de de fabrication d'un dispositif de conversion de longueur d'onde optique selon la revendication 
1 , comprenant les etapes : m 

de formation, sur un substrat (1 ), fait d'une matiere optique non linSaire qui a un indice de refraction 
n 1f par diffusion de titane, d'une couche de guide d'onde optique (1t0 au" est destin6e k etre utilisee 
comme un second conduit de guide d'onde (2b) et qui a un indice de refraction n 3 (n 3 > n n ) ; 
de formation d'une couche metallique (3) sur ledit substrat (1) ; 

de formation de facon selective d'une couche de photoresist (4) sur ladite couche metallique (3) ; 
^elimination de maniere selective d'une partie de ladite couche metallique (3) et de ladite couche 
de guide d'onde optique (2), en utilisant ladite couche de photoresist (4) comme masque ; 

de formation, sur un bord lateral de ladite couche de guide d'onde optique (2), d'une couche 
d'echange de protons (5) qui est destinee k etre utilisee comme un premier conduit de guide d'onde (2a, 
2c) et qui a un indice de refraction n 2 (n 2 > n 3 > n t ). par traitement k chaud dans une solution aqueuse 
capable d'6changer des protons avec des parties de guide d'onde optique qui sont mises k nu par elimi- 
nation de ladite couche metallique (3) ; 

d'attaque de ladite couche d'echange de protons (5) pour en faire une couche mince par attaque 
d'ions reactifs en utilisant de maniere selective, comme masque (3a), les parties non eiimin6es de ladite 
couche metallique (3) ; et, 

d'elimination des parties restantes de ladite couche metallique (3). 
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